The electron density and bonding in the silicates beryl, cordierite and dioptase has been investigated. The replacement of Be, Si and Al atoms in the identical structural fragments leads to a (^-redistribution and changes the cr-bond character from slightly polar to strongly polar. The condensation of [SiOJ-tetrahedra in the rings leads to the accumulation of electron density near bridge oxygens. This phenomenon is expressed especially in dioptase (pure ring silicate). Therefore, the electron density picture may be considered as a supplementary independent criterion for classification of crystal structures. The experimental (5@-maps for H 2 0 molecules in dioptase are in good agreement with theoretical ones. The ^^-distribution of 3 d-electrons and bonding in the Jahn-Teller distorted Cu-octahedron can be interpreted from crystal-field-theory point of view. The experimental and data-treatment conditions are given in Table 1 . The models used for refinement were based on the precise determination of the cordierite structure by Armbruster [5] and by Armbruster and Bürgi [6] , and of the dioptase structure by Belov et al. [7] . The results of high-order refinement were the 
The investigation of the experimental electron density distribution obtained by precise X-ray data [1] offers the possibility to analyse the chemical bonding and its peculiarities in crystals, the atomic charges, the principles of classification of crystal structures and other crystal chemical concepts on a more fundamental level. The comparison of the experimental <5^-maps with theoretical ones is also very useful. A review of recent data on «^-distributions in silicates [2] shows the relevance of this approach and the insufficiency of data concerning certain groups, in particular ring silicates.
New data on orthorhombic iron-rich low-cordierite Na 0 04 (Al 2 Si)(Mg 1 (Figures la-c) .
The experimental and data-treatment conditions are given in Table 1 . The models used for refinement were based on the precise determination of the cordierite structure by Armbruster [5] and by Armbruster and Bürgi [6] , and of the dioptase structure by Belov et al. [7] . The results of high-order refinement were the The crystal structures of beryl and low-cordierite are very similar and have identical structural fragments. The reason for the lower symmetry (orthorhombic instead of hexagonal) of cordierite is considered to be the double substitution in the tetrahedra of the beryl crystal structure: two Si in the [T 6 0 18 ]-ring by Al and three Be by two Al and one Si (Figures 1 a,  b) . The replacement of the central atoms in the tetrahedra and the octahedron in the structural fragment consisting of three polyhedra leads to remarkable differences in the <5^-maps for these two minerals (Figures 2a-c) . The ^^-maxima of 0.2 eÄ -3 on the Be-O bond in beryl (Fig. 2 a) are apparently displaced towards the oxygen atoms. Hence, Be-O <r-bonds have more polar character than the S^-O cr-bond in cordierite (Si x is situated in the Be-position), whereas the (5^-peak of 0.4 eÄ" (Fig. 2 b) lies in the middle of the bond. The same is true for the Al 2 -0 bond (Figure 2 c) . In accordance with the change of the electronegativity of the elements we can also observe the «^-redistribution around the oxygen: the small maxi- Table 2 ). The (5^-map in cordierite has a more dispersed appearance, in agreement with the lower symmetry and the presence of both Si and Al atoms in the ring. The <5^-maxima on the bridge oxygens in dioptase are much higher (0.6-0.8 eÄ -3 ; the shorter Si-O! bond corresponds to the largest maxima) than the ones in the first two minerals. On the other hand, comparison of the ög-maxima near bridge and nonbridge oxygens inside [T0 4 ]-tetrahedra in beryl and cordierite shows the absence of any significant difference (Figures 4a-c) . In contrast to cordierite, in dioptase this difference is remarkable (0.2-0.3 eÄ" 3 , Figure 4 e). This has apparently crystal chemical reasons. According to Godovikov [10] , beryl and cordierite can be classified as framework structures formed by linkage of Si-, Aland Be-tetrahedra. The hedra in favour of the bridge oxygen is necessary in order to maintain the puckered pure ring-silicate unit for the rigidity of the structure, though with more effort.
The H 2 0-molecules in beryl and cordierite have the same structural position in the channel (Figures 1 a, b) . They are disordered, as it follows from 5^-maxima on O-H bonds and in accordance with the point symmetry of the Opposition (622 in beryl and 222 in cordierite). Note that the planes of H 2 0 molecules are perpendicular to the c-axis in both structures.
The 6 H 2 0-ring in dioptase is sandwiched between pairs of [Si 6 0 18 ]-rings; together they form crownshaped clusters with threefold symmetry (Figure 1 c) . The experimental <5^-maps of H 2 0 molecules in dioptase (Figs. 5 a, b) are in good agreement with theoretical ones for the free molecule [11] . The difference in <5£>-maxima on O-H bonds (0.6 eÄ~3) and lone-pairs (0.4 eÄ"
3 ) can be explained if superposition effects are taken into account, which leads to an apparent decrease of the ÖQ of H 2 0 lone-pairs in the crystal. The thermal motion is the other reason of this difference in SQ. The (5^-maps of the O w -O w bond (Table 2) in the 6 H 2 0-ring are in good agreement with theoretical ones [13] , calculated for the same distance of about 2.6 Ä.
The water-molecule rings have ice-like configuration, although the lone-pair positions are different in ice and dioptase: they are statistically disordered in the former and ordered outside the ring in the latter.
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The main interatomic distances (A) in polyhedra and hydrogen bonds.
d) contour interval:
The Cu-octahedron in dioptase shows Jahn-Teller distortion (Table 2) 
